Investigations of the distribution of the SIB and the ME statistics revealed that the SIB statistic had the theoretical asymptotic distributions when the sample sizes of the focal and reference groups exceeded 200, whereas the MH statistic did not have the theoretical asymptotic distributions under any condition. The MH and the SIB procedures were equally powerful in detecting DIF for equal ability distributions, and SIB procedure was more powerful for unequal ability distributions than the MH procedure.
The Type I error rates for the MH statistic were within limits, whereas they were higher for the SIB statistic than those for the MH statistic. Comparisons between the detection rates of the two procedures were made with respect to the various factors manipulated in the study.
Suggestions for future research are made.
group membership is allowed.
The major advantage of the logistic regression procedure is that, along with its capability to detect non-uniform DIF, it can be expanded to condition on more than one test or subtest scores.
The Mantel-Haenszel and the simultaneous item bias are two theoretically sound procedures that share a common framework. Both procedures are nonparametric, and therefore do not require model calibration (Ackerman, 1992) .
Both procedures provide tests of significance, computationally simple and inexpensive.
Both procedures most typically use the raw score as the conditioning variable to form groups of examinees of comparable ability. For two groups matched on K score categories, the ME procedure compares the odds of success for the reference and the focal groups. The SIB procedure requires the identification of a "valid" subtest for matching examinees. For examinees who are matched on K "valid" subtest score categories, SIB compares the average proportion correct on the "suspect" subtest for the reference and the focal group examinees. In addition, the SIB procedure can simultaneously evaluate the DIF present in several test items.
A number of studies comparing the Mantel-Haenszel procedure with other popular DIF detection procedures have indicated the Mantel-Haenszel procedure performed well in detecting uniform DIF with considerably lower cost (Hambleton & Rogers 1989; Swaminathan & Rogers, 1990) . However, recent research has indicated that under certain circumstances the MH procedure may have a higher Type I error rate than expected (Zwick, 1990) . In general, it appears that the MH procedure has a higher Type I error rate than expected when the probability of a correct response to an item can be described by a two-or three-parameter item response model rather than a one-parameter model. Roussos (1992) , using simulated data, showed that the nominal Type I error rates for the SIB procedure is more acceptable than those of the MH procedure in such cases. Ackerman (1992) demonstrated that in the multiple-biased item case, the SIB procedure with its emphasis on the selection of a "valid" subtest for matching the examinees, performed better than the MH procedure with total score used as the matching criterion.
Research Objectives
While considerable research had been carried out on the MH procedure, relatively little research has been conducted on the SIB procedure. The SIB procedure is relatively new, and given the possibility that it may be superior to the MH procedure under certain circumstances, the focus of this study is a detailed investigation of the performance of the SIB procedure.
The main purposes of this study were to compare the Type I error rates and the power of the MH and the SIB procedures to investigate the conditions under which each procedure is optimal for detecting DIF. The logistic regression procedure was not compared with the SIB procedure because this study was confined to the investigation of uniform DIF. A further purpose of the study was to investigate the conditions under which the asymptotic distributions uf the MA and the SIB statistics were obtained.
Description of the DIF Statistics 1.
The Mantel-Haenszel Procedure
The Mantel-Haenszel procedure (Holland and Thayer in 1988) compares the probabilities of a correct response in the two groups of interest for examinees of the same ability. To test whether a set of items on the test is DIF, item response data for the reference and focal groups are formed into two subtests, a "suspect" subtest containing the items that are to be tested for DIF (they can be one or more items), and a "valid" subtest containing the items that measure the construct that the test is purported to measure. To calculate the SIB statistic, examinee response data on the "valid" subtest scores are used to group the reference and focal groups into score levels so that, for n items in the test, the number of score levels on the "valid" subtest score will be equal to n+1. The reference and focal group members with the same valid subtest scores are then arranged to form statistic calculation cells such that each statistic calculation cell will correspond to a particular "valid" subtest score. Within each statistic calculation cell, the average proportion right on the "suspect" subtest is calculated for the reference and the focal groups.
Let Ym, and YFk be the average score in the "suspect" subtest for all examinees in the reference and the focal groups respectively attaining a _ "valid" subtest score X k (k 0, 1, 2, n).
Since YRk -Yrk is the difference in performance in the suspect subtest across the two groups among examinees of the same ability, YRk YFk will be expected to be equal to zero if the suspect subtest items are not DIF. For example, a Pu value of 0.1 indicates that the average difference in the probabilities of correct response ot "studied" subtest score between reference and focal group examinees on similar ability is 0.1.
Research Design
Overview of the Procedure This research study was conducted on simulated data sets. Examinee response data sets were simulated under a variety of conditions each data set accommodating some of the factors that might have an effect on DIF detection 6 rates.
It was decided to do the study on simulated data sets so that it would be possible to specify different amounts of DIF in a set of test items for a variety of conditions and study their effect on items that are a priori known to be differentially functioning.
The study was conducted in two parts. Part one was focused to investigate the distributional properties of the MH and the SIB statistics to determine if the conditions for satisfying the asymptotic distributional properties were obtained. Therefore, in this phase of the study, the research question was whether the MH statistic was distributed as a chi-square distribution with one degree of freedom and the SIB statistic was distributed as a normal distribution with mean zero and standard deviation one. The nominal Type 1 error rates of the MH and SIB statistics were compared to investigate the viability of the two procedures for detecting DIF.
Part two of the study investigated the power of the SIB procedure to determine its potential for detecting the presence of uniform DIF in test items.
The performance of the SIB procedure relative to the MH procedure was also examined. It was decided to confine this study to the investigation of uniform DIF because it occurs more commonly than non-uniform DIF.
7
Description of the Study of the Asymptotic Distributional Properties of the MH and SIB procedures
Since the distributional properties are asymptotic, it can be expected that as the sample size increases, the empirical sampling distribution of the test statistics is more likely to approach the theoretical distribution.
Therefore, sample sizes were manipulated to study their effect on the asymptotic distributional properties.
Since in practice the sample sizes of the minority groups may be small, often ranging from 100-300 examinees, three levels of reference group sample sizes (300,500,1000) were crossed with three levels of focal group sample sizes (100,200,300) to give a total of nine tests. Ability values for the two groups were randomly sampled from a normal distribution with mean zero and standard deviation one.
The distributional aspect of the study was conducted using a test length of 45 items. Table 1 .
Since the three-parameter model has been seen to adequately fit many types on data including data with multiple-choice items with four or five options per item, data for the study were simulated for a three-parameter model using the program DATAGEN (Hambleton & Rovinelli, 1973) . 
Description of the Study of the Power of the MH and SIB Procedures
In this phase of the study, the power of the SIB and MH statistics was studied under a variety of conditions likely to have an impact on DIF. The power of SIB relative to that of MH statistic was also examined.
One factor of interest concerned the size of the sample for the majority and minority groups.
Research conducted on the effect of sample sizes on the power of the MH procedure has indicated that DIF detection rites increased with increase in sample sizes (Rogers, 1989; Swaminathan & Rogers, 1990; Mazor et al., 1992) . In general, when sample size increases, the power of DIF detection procedures will also increase.
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A second factor of interest was the ability distribution differences between the two groups. Mazor et al. (1992) have studied the effects of MH procedure when two groups were sampled from equal and unequal distributions.
They recommend that, when groups of differing abilities are to be compared, it is probably advisable to use large sample sizes. For the SIB procedure also, it is expected that the detection rates for groups of differing abilities may be different from the detection rates for groups of equal abilities.
A third factor of interest was the proportion of items containing DIF.
In general, a longer test is likely to produce more reliable scores resulting in more reliable ability estimates.
On the other hand, increasing the proportion of items exhibiting DIF will produce ability estimates that will be less reliable. When the ability estimates are less reliable, matching will be less accurate.
Therefore, the power of the DIF procedures is likely to decrease.
DIF effect size or the amount of DIF contained in an item is the fourth factor that is likely to have an effect on the DIF detection procedures. As DIF effect size increases, the detection rates of the two procedures is expected to increase as well. The power of the DIF procedures for different DIF effect sizes were exaMined to reflect a variety of conditions and compared to determine their capability to detect DIF under these circumstances.
The DIF effect sizes were determined using an IRT framework. In IRT framework, DIF is said to exist if the ICCs for the L.wo groups are not the same.
Therefore, the difference between the ICCs for the two groups can be used as a measure of DIF effect size. If the difference between the ICCs is large, then the DIF effect size will also be large and vice versa.
Swaminathan and Rogers (1990) used the area between the two ICCs as an operational measure of DIF effect size. They have investigated area values 10 ranging from 0.2 to 0.8.
For the purpose of this study, the area between the two ICCs was used as an operational measure of DIF.
The four factors described above were varied to result in nine levels of sample size, three levels of ability distribution differences and two levels of proportion of items containing DIF. Under each condition, four levels of DIF effect size and six types of item were studied. In all 1296 conditions were simulated.
Three reference group sample sizes (300, 500, 1000) were crossed with three focal group sample sizes (100, 200, 300) to produce nine sample sizes.
The study was confined to a single test length of 40, a length which is typical of standardized achievement and ability subtests. The impact of the differences in underlying ability distributions was investigated by examining three different conditions. In the first case, ability distributions for the two groups were set to be equal with a mean 0 and standard deviation one.
In the second case, the mean was set to 0.0 and -0.5 for the reference and focal groups respectively, with both standard deviations set equal to one.
This will be referred to as unequal distribution 1. Distributions that differ by 0.5 standard deviation were specified to simulate the case where there is not a very substantial between group difference. In the third case, the mean was set to 0.0 and -1.0 for the reference and the focal groups respectively, again with both standard deviations set equal to one. On each of the six tests, the item parameter values for 36 items were common (same across all the tests). They were also kept common to the reference and focal groups to represent items that were not differentially functioning.
The 24 items investigated for DIF were distributed across the six tests. In order to obtain tests containing 10% DIF, the 24 items studied items were distributed equally across the six tests to contain four items in each test. In a similar manner, three 40-item tests containing 20% DIF were simulated.
The item parameter values for 32 items were kept common to all the three tests. The 24 studied items were distributed across three 40-item tests to include eight items in each test. Table 1 presents the item parameters values chosen for the distribution and DIF studies.
Insert Table 1 about here In summary, DIF analyses were carried out for datasets simulated for nira sample sizes, three ability distribution differences, tests containing 10% or 20% DIF items and DIF effect sizes in terms of area between the ICCs for the two groups. In all 1296 conditions were studied. The data were replicated 100 times for each condition.
Results

Study of the Distributional Assumptions of the SIB and MH procedures
The Kolmogorov-Smirnov (K-S) and Wilks-Shapiro (W-S) test results for investigating the distributional properties of the SIB and MH statistics are presented in Tables 2 through 4 respectively.
Insert Tables 2 through 4 about here The main findings for the SIB statistics (Table 2 ) are as follows:
1.
The means and the standard deviations of most of the 45 empirical distributions closely approximated the mean (0.0) and the standard deviation (1.0) of the theoretical distributions (normal).
2.
The K-S goodness-of-fit results show that the theoretical distributions were not obtained for five of 45 conditions. Three of these occurrences were for focal group sample sizes of 100 and one each 13 for focal group sample sizes of 200 and 300. Ihe reference group sample size for all these occurrences was equal to 300.
3.
Four of the above five conditions occurred for items with high difficulty and the remaining for an item with medium difficulty.
4.
The W-S goodness-of-fit results (Table 2) The main findings of the MH statistic (Table 3 ) are as follows:
The means and the standard deviations of the empirical chi-square distributions of most of the 45 items were lower than the mean (0.0) and the standard deviaticn (1.414) of the theoretical chi-square distributions.
The MH statistic was not distributed as a chi-square distribution under any of the conditions studied here.
The Type I error rates for the MH and SIB statistics (Table 4 ) are as follows:
The observed Type I error rates of the SIB statistic were higher than Type I error rates of the MH statistic. At .05 level of statistical significance, Type I errors rates for SIB ranged from about 4.2% to about 7.5%. At .01 level of statistical significance, they ranged from about 0.5% to about 2.5%. The Type I error rates for the MH procedure were within expected limits. At .05 level of statistical significance, Type I error rates varied from 2.5 % to about 5% and at .01 1 vel of statistical significance, they were between 0.1% to 1%.
14 Study of the Power of the SIB and ME Procedures
The analyses in this phase of the study focus on the power of the SIB and MH procedures to detect the 24 studied items presented in Table 1 . The DIF detection rates revealed in Tables 5 through 8 are summarized and presented below.
Insert Tables 5 through 8 about here An analysis of variance (ANOVA) was performed to determine the effects of the five conditions on the performance of SIB and MH procedures. The dependent variable was the number of times the items were identified as DIF in 100 replications of the data. The independent variables were the five different conditions that were manipulated in the study. Several interaction effects were observed for both procedures. These were sLmple size with ability distribution differences, sample size with type of item, sample size with DIF effect size, ability distribution differences with type of item, ability distribution differences with DIF effect size, and type of item with DIF effect size were all significant. Interestingly, for both procedures, the percent of DIF factor did not have any interaction with the other four factors, namely, sample size, ability distribution differences, type of item and DIF effect size. (1) and (2) distributions respectively.
The main findings (Tablas 6 through 8) for the two procedures are as follows:
Sample Size 1.
For equal ability, unequal ability (1) and unequal ability (2) distributions (Table 6 through 8), the detection rates for the two procedures showed a steady increase for increase in the three levels of reference and focal group sample sizes. There was an overall decrease in the detection rates of about 1% to 5% for the two procedures as the proportion of DIF items increased from 10% to 20%. In general, the detection rates for both procedures showed a similar pattern when tests contained 10% DIF and 20% DIF. In most cases, the SIB procedure identified higher percentage of DIF items than the MH procedure for unequal ability distributions.
Type of Item 1.
For equal ability distribution (Table 6 ), the detection rates for the two procedures were highest for highly discriminating, moderate difficulty items followed by low difficulty items. The lowest detection rates were for high difficulty, low discrimination items followed medium discrimination items. In general, as the difficulty level of the items increased, the power of the two DIF procedures decreased. On the other hand, as the discrimination level of the items increased, the power of the two DIF procedures increased. As the percentage of DIF items on the test increased, the detection rates decreased. On the whole, the 16 detection rates for the two procedures showed a similar pattern for tests containing 10% and 20% DIF.
2.
The results for unequal ability (1) and (2) distributions (Table 7 and 8), reveal that for medium difficulty items, the detection rates for the two procedures were comparable with those obtained with equal ability distributions. For low difficulty items, the detection rates for both procedures were better than those obtained with equal ability distributions for tests containing 10% DIF and 20% DIF. The detection rates for high difficulty items were lower for both procedures than those obtained with equal ability distribution.
3.
A comparison of the detection rates of the two procedures showed that for medium difficulty, low discrimination items, MH identified about 5% to 7% fewer items for unequal (1) and unequal (2) distributions respectively. In contrast, SIB had similar identification rates for equal ability distributions irrespective of whether tests contained 10% DIF or 20% DIF.
4.
For low difficulty items, the detection rates for the two procedures increased by about 8% to 12% for unequal (1) and (2) distributions respectively for both procedures over those obtained for equal ability distribution irrespective of whether tests contained 10% DIF or 20% DIF.
5.
The detection rates for high difficulty, low discrimination items reduced by about 7% and 15% for unequal (1) and 8% to 30% for unequal (2) distributions respectively for the SIB and ME procedures.
6.
For items of high difficulty, medium discrimination the detection rates for SIB and MH procedures reduced by 10% and 22% and by 22% and 45% for both unequal (1) and (2) distributions respectively.
7.
Overall, the SIB procedure was able to identify more items as DIF for unequal ability distributions than the MH procedure. In fact for certain item types, SIB was able to detect about 25% more items as DIF than MH when the ability distributions were unequal.
DIF Effect Sizes 1.
For equal as well as unequal (1) and (2) The next step in the analyses was to determine the Type I error rates (number of non-DIF items falsely identified as DIF) for the two procedures.
Tables 9 through 11 present the mean Type I error rates for the two procedures for equal and two unequal ability distributions respectively.
Insert Tables 9 through 11 about here The main findings are:
Sample size did not seem to affect Type I error rates for both procedures.
2.
On the whole, the SIB procedure had higher Type I error rates than the MH procedure.
For equal ability distribution ( For unequal ability (1) distribution (Table 10) , the mean percent Type I error rates for the ME procedure were also within limits for all sample sizes except one case when it was greater than expected, when tests contained 20% DIF. Again, SIB results revealed that the mean percent Type I error rates were those obtained for the MH procedure.
5.
For unequal ability (2) distribution (Table 11) , the mean percent Type I error rates were inflated for both procedures. These inflations ranged up to about 6.2% for tests containing 10% DIF and about 7.2% for tests containing 20% DIF for the MH procedure. For the SIB procedure these numbers on the whole, ranged up to about 10%.
In Tables 9 through 11 , the mean Type I error rates for selected items with different combinations of item parameters are presented to determine if certain types of items were more likely to be incorrectly classified as DIF.
In most cases, a pattern emerged much like the results reported for sample sizes with respect to the three ability distributions and percent of DIF % items.
Again, the type of item did not seem to have an effect on Type I errof rates.
Discussion
The results of the first part of the study indicate that for most types of items, the SIB statistic has the expected distribution for reference and focal group for all sample sizes. Items for which the theoretical distributions were not obtained were highly difficult items.
The MH statistic appears not to be distributed as a chi-square distribution with one degree freedom for all sample sizes and for all types of items.
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The results also suggest that the estimated means and standard deviations of the distributions of the SIB statistics are more acceptable than those of the MH statistics which, are for almost all cases, seem to be underestimated. The Type I error rates for the SIB procedure appear to be somewhat higher than expected, whereas, for the MH statistic, they are within the nominal limits. In one sense it can be argued that the Type I error rate at a level of significance should not exceed a + Z a/2 j(a(1-a)/n)
In our situation where a -.05, n -1000, the Type I error rate should not exceed . conservative procedure which yields a few false positives and therefore likely to miss a small percentage of items with DIF, or the SIB procedure, which has somewhat higher detection rates, but also has higher false positive rates.
The main findings of the DIF study indicates that, overall, there is high agreement between the SIB and MH procedures in detecting uniform DIF. As can be expected, the MH as well as the SIB procedure are affected by the sample size. The increase in the power of DIF statistics for increase in sample size is not surprising since the empirical distributions are expected to get closer to the theoretical as sample sizes increase. However, the specific purpose of this study was to investigate the effectiveness of these procedures in samples so small where IRT procedures are not feasible. The question therefore becomes, how small a sample size is sufficient for these procedures to be viable methods for detecting uniform DIF. The results show that detection rates are a function of reference as well as focal group sample sizes for both procedures. Detection rates for the two procedures in this study appear to be more dependent on focal group sample size than reference group sample size. In general, on an average, when the focal group sample sizes increased from 100 to 300, the detection rates increased by about 20%
whereas, when the reference group sample sizes increased from 300 to 1000, the corresponding increase was only about 10%. These results suggest that varying the sample size and the ratio of reference group to focal group members will have an impact on the performance of MH and SIB procedures for detecting DIF.
Overall, a sample size of (300,300) was seen to be sufficient to provide power for the two procedures to detect reasonable amount of DIF.
These results also suggest that besides sample size, as expected, DIF effect size can have a significant effect on DIF detection procedures irrespective of the size and ratio of reference and focal group members. For all sample sizes, the detection rates both procedures steadily increased as area values increased from .4 to 1.0. Overall, there was an increase of only about 10% to 12% in the detection rates for increase in the focal group sample size from 100 to 300 when the area value was 1.0 (high DIF). There was about 26% to 34% increase in the detection rates for increase in the focal group sample size from 100 to 300 when the area value was .4 (low DIF). These numbers were slightly higher for unequal ability distributions. Practitioners should be aware that items which exhibit very small amounts of DIF may go undetected especially when sample sizes are small. However, it can be argued that in such cases, the DIF may be so small that it would make little practical difference.
The results also support the findings of Rogers (1989) that the type of item included is a significant factor influencing the detection rates of the DIF detection procedures. Detection rates were highest for high discrimination items followed by moderate and low discriminating items.
Detection rates were lowest for high difficulty items followed by items of moderate difficulty and low difficulty. Highly difficult items will not be answered correctly by the majority of reference and focal group members.
Therefore, most difficult items may affect only a small number of examinees as there are likely to be only a very few number of examinees at the extreme ends of the distributions. Fortunately, very difficult items are not very common in standardized achievement tests and hence they may not be a matter of great concern in practice.
The percentage of items containing DIF did not affect the DIF detection rates to a large extent. This may be due to the two-stage procedure adopted in computing the SIB and MH statistics. Items identified as DIF in the first computations were removed when forming the score groups for computing the DIF statistics for the second time. Overall, the results show that the performance of SIB was higher than MH for unequal ability distributions in most conditions.
As revealed in the distribution study, the power results also indicate that, the Type I error rates were within acceptable limits and conservative for the MH procedure. They were somewhat higher for the SIB procedure than those obtained for the MH procedure for equal ability distributions. There appeared to be inflation of Type I error rates for both procedures as the ability distribution differences increased, the inflation was higher for the SIB procedure. Again, SIB procedure should be used to depending upon how much Type I errors are tolerable in practice. Both methods are therefore interchangeable and can be used under appropriate situations.
Although the results in this research are consistent with the findings of several other recent research, several areas merit further investigation.
The asymptotic distributional properties of both statistics need to be examined for unequal ability distributions also to determine the viability of both procedures under these conditions. This research and other studies indicate that both Mantel-Haenszel and simultaneous item bias procedures are to some extent dependent on sample size. There is need for further research to determine the power of these procedures for small sample sizes taking into consideration the ratio of the reference to focal group sample sizes.
Although this research suggests that the simultaneous item bias procedure is more suitable than the Mantel-Haenszel procedure for unequal ability distributions, more research is needed in this area. Future research should concentrate on comparing estimators of DIF effect sizes and their properties.
Some of these issues will be addressed in a future study by the authors of this paper. 
